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Cardiovascular Protection in the Treatment of Type 2
Diabetes: A Review of Clinical Trial Results Across Drug
Classes
Francesco Paneni, MD, PhD*, and Thomas F. Lüscher, MD
Patients with type 2 diabetes (T2DM) have a signiﬁcantly higher risk of developing
cardiovascular disease (CVD)—namely myocardial infarction, heart failure, and stroke.
Despite clear advances in the prevention and treatment of CVD, the impact of T2DMon
CVD outcome remains high and continues to escalate. Available evidence indicates that
the risk of macrovascular complications increases with the severity of hyperglycemia,
thus suggesting that the relation betweenmetabolic disturbances and vascular damage is
approximately linear. Although current antidiabetic drugs are highly effective for the
management of hyperglycemia, most T2DM patients remain exposed to a substantial
and concrete risk of CVD. Over the last decademany glucose-lowering agents have been
tested for their safety and efﬁcacy in T2DM with CVD. Noteworthy, most of these
studies failed to show a signiﬁcant beneﬁt in terms of CV morbidity and mortality,
despite intensive glycemic control. The recent trials Empagliﬂozin Cardiovascular
Outcome Event Trial in Type 2 Diabetes Mellitus PatientseRemoving Excess Glucose
(EMPA-REG OUTCOME); Trial to Evaluate Cardiovascular and Other Long-term
Outcomes with Semaglutide in Subjects with Type 2 Diabetes (SUSTAIN-6); Liraglu-
tide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results
(LEADER); and Insulin Resistance Intervention After Stroke (IRIS) have shed some
light on this important clinical issue, thus showing a convincing effect of empagliﬂozin,
liraglutide, and pioglitazone on CVD outcomes. Here we provide a critical and updated
overview of the main glucose-lowering agents and their risk/beneﬁt ratio for the pre-
vention of CVD in patients with T2DM.  2017 Elsevier Inc. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/). (Am J Cardiol 2017;120[suppl]:S17eS27)
Glucose-lowering Strategies and Cardiovascular Disease
Epidemiologic studies have outlined a strong association
between type 2 diabetes mellitus (T2DM) and cardiovas-
cular disease (CVD).1,2 It is well established that patients
with T2DM are exposed to a signiﬁcantly higher risk to
develop myocardial infarction (MI) and stroke than matched
subjects without T2DM.2 Diabetic patients hospitalized for
unstable angina or non-Q-wave MI display a signiﬁcantly
higher 2-year morbidity and mortality as compared with
nondiabetic subjects.3 In the seminal study by Haffner et al,4
the 7-year risk of MI was as high in diabetic patients without
prior MI as it was in nondiabetic patients with prior MI, thus
establishing diabetes as a “CV disease risk equivalent.” The
increased prevalence of CVD in the setting of T2DM can be
largely attributed to the heavy atherosclerotic burden and
adverse plaque phenotype, as well as the inability to
compensate for these alterations.5,6
Despite clear advances in the prevention and treatment of
CVD, the impact of T2DM on CVD outcome remains sig-
niﬁcant and continues to escalate as the obesity epidemic
takes its toll.7 Even though the CVD burden has been
reduced over the last decade, this is only partially true in the
diabetic patient. Data accumulated over the last 10 years
University Heart Center, Cardiology, University Hospital Zurich,
Switzerland; Center for Molecular Cardiology, University of Zurich,
Switzerland.
Funding: The present work was supported by the Swiss National
Science Foundation (TFL) and the Foundation for Cardiovascular
Researche Zurich Heart House, Zurich, Switzerland. Copyright permission
and publication costs were supported by Boehringer Ingelheim Pharma-
ceuticals, Inc. FP is the recipient of a Sheikh Khalifa’s Foundation Assistant
Professorship at the Faculty of Medicine, University of Zurich. The other
author received no direct compensation related to the development of the
manuscript.
Conﬂict of Interest: The authors have no actual or potential conﬂict of
interest, including any ﬁnancial, personal, or other relationships with other
people or organizations.
Authorship: The authors meet criteria for authorship as recommended
by the International Committee of Medical Journal Editors (ICMJE). The
authors were fully responsible for all content and editorial decisions, were
involved at all stages of manuscript development, and approved the ﬁnal
version that reﬂects the authors’ interpretations and conclusions. Boehringer
Ingelheim was given the opportunity to review the manuscript for medical
and scientiﬁc accuracy as well as intellectual property considerations.
*Requests for reprints should be addressed to Francesco Paneni, MD,
PhD, University Heart Center, Cardiology, and Center for Molecular
Cardiology, University and University Hospital Zurich, CH-8091 Zurich,
Switzerland.
E-mail address: francesco.paneni@uzh.ch.
0002-9149/17/ 2017 Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
www.ajconline.org
http://dx.doi.org/10.1016/j.amjcard.2017.05.015
strongly suggest that the risk of macrovascular complica-
tions increases with the severity of abnormality of blood
glucose, indicating that the relation between metabolic dis-
turbances and vascular damage is approximately linear.8,9 In
the large, prospective Norfolk study, the relationship be-
tween glycated hemoglobin (HbA1c), CVD, and total mor-
tality was indeed linear, even among patients without
T2DM; of note, 72% of the events occurred in persons with
HbA1c concentrations between 5% and 6.9%.
10 In other
words, CVD may already be detectable in patients with
HbA1c values below the diagnostic threshold for diabetes,
whereas in patients with overt T2DM the relative risk of
CVD has been shown to increase by approximately 16% for
every percentage point increase in HbA1c.
10
Given this background, one can certainly postulate that—
similar to hypertension and hypercholesterolemia—
approaches aiming at reducing the hyperglycemic burden
should result in a clear-cut reduction of vascular events in the
diabetic population. However, the relation between glucose-
lowering approaches and CVD is much more complex than
is the casewith other cardiovascular (CV) risk factors. Indeed,
the success of glucose-lowering strategies in terms of CV
outcome cannot be easily predicted from changes in surrogate
endpoints (such as plasma glucose levels or HbA1c).
6
Although HbA1c is a reliable marker of glycemic control, it
may explain less than 25% of the risk of developing diabetic
microvascular complications.11 This may be partially
explained by the notion that HbA1c does not correlate with
glycemic variability when adjusted for mean blood glucose,
and tailoring glucose-lowering strategies only on the level of
HbA1c may leave diabetic patients exposed to a substantial
burden of glycemic peaks and nadirs.12 Despite the increasing
number of individuals affected by T2DM, few deﬁnitive CV
outcome trials of licensed therapies have been perform-
ed.13e15 In the present review we critically discuss the effects
of different glucose-lowering medications on CVD outcomes
(Table 1) in patients with T2DM.
Metformin
Metformin—a biguanide that reduces hepatic glucose
production while improving insulin sensitivity—is still
considered the ﬁrst-line drug for the treatment of T2DM pa-
tients.16 This is mostly due to the fact that metformin is overall
well tolerated, effectively lowers HbA1c levels by 1% to 2%,
has a favorable impact on body weight, does not increase the
risk of hypoglycemiawhen given inmonotherapy, and last but
not least, is highly cost-effective.16 Of note, metformin is one
of the few drugs showing a signiﬁcant reduction of macro-
vascular events and diabetes-relatedmortality. Cardiovascular
beneﬁts of metformin mostly derive from the UK Prospective
Diabetes Study (UKPDS) trial, the results of which were
published in 1998.17 In this trial 3867 patients with newly
diagnosed T2DM were randomized to intensive treatment
with sulfonylureas or with insulin, versus conventional ther-
apy.17 A subgroup of UKPDS patients who were overweight
(>120% ideal body weight) were randomized either to
intensive therapy with metformin (n ¼ 342) or conventional
dietary measures (n ¼ 411).17 In this group of patients, treat-
ment with metformin was associated with a 32% reduction of
any diabetes-related endpoint (P ¼ .002), 42% reduction in
diabetes-related death (P ¼ .017), and 36% reduction in
mortality (P ¼ .011). Most interestingly from a CV perspec-
tive, patients receiving metformin displayed a 39% reduction
in the risk of nonfatalMI (P¼ .01).17Despite the small number
of patients enrolled, the protective effects of metformin were
still observed in the 10-year posttrial monitoring of patients
who survived to the end of the UKPDS trial.18 Although
HbA1c levels were no longer different between intensive and
conventional arms, metformin-related risk reductions per-
sisted for any diabetes-related endpoint, MI (33%, P ¼ .005),
and mortality (27%, P ¼ .002).18 Although UKPDS provides
some evidence—albeit with limited statistical power
compared with other CV outcome trials—that metformin may
represent a cardioprotective agent, notmany randomized trials
have been performed to conﬁrm the CV beneﬁts of the drug.19
After the publication of the UKPDS, only 1 randomized,
placebo-controlled trial was performed.20 In this relatively
small trial, 390 patients treated with insulin were randomized
to either metformin or placebo. The primary endpoint was an
aggregate of microvascular and macrovascular morbidity and
mortality, whereas the secondary endpoint was deﬁned by
microvascular and macrovascular morbidity and mortality, as
separate aggregate scores. After 4.3 years, metformin was not
associated with an improvement in the primary endpoint
(hazard ratio [HR] 0.92, P¼ .33), but there was a reduction in
the secondary endpoint of macrovascular events (HR 0.61,
P ¼ .02). Moreover, metformin improved body weight and
glycemic control and reduced the requirement of insulin.20
These overall positive ﬁndings prompted the investigators to
conclude that metformin treatment should be continued after
the introduction of insulin in any patient with T2DM, unless
contraindicated.
The remaining evidence, and perhaps the largest body of
data, comes from observational studies showing that met-
formin use, either as monotherapy or in combination with
another oral agent, has been associated with reduced CV
events, CV deaths, and total mortality.21e24 Despite the fact
that these cohort studies all demonstrated CV beneﬁts of
metformin, they were ﬂawed by important biases arising
from the lack of group matching for all variables that could
affect the outcome. Importantly, 2 recent meta-analyses of
randomized, controlled trials evaluating the effectiveness of
metformin in T2DM patients failed to show its ability to
modify clinically relevant outcomes.25 A more careful
reading of the UKPDS results shows a higher death rate in
patients given metformin plus sulfonylurea as compared
with those given sulfonylurea alone (HR 1.60; 95% conﬁ-
dence interval [CI], 1.02-2.52). Although the UKPDS in-
vestigators attributed this result to the play of chance (likely
due to the small sample size), there remain concerns about
the safety of metformin in this setting. Indeed, the
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meta-analyses of Boussageon et al25 and Lamanna et al26
conﬁrmed an increase of CV risk when metformin was
added to sulfonylureas. Further randomized studies able to
reproduce the ﬁndings of the UKPDS study are needed to
increase conﬁdence of cardiologists regarding the clear-cut
cardioprotective effects of metformin.
Sulfonylureas
Sulfonylureas stimulate insulin secretion from pancreatic
b-cells by binding to the sulfonylurea receptor 1, which is
part of the Kir6.2 adenosine triphosphateesensitive potas-
sium channel. As monotherapy, sulfonylureas are effective
glucose-lowering drugs, leading to reductions in fasting
plasma glucose by 36-72 mg/dL and HbA1c by 1%-2%.
27
However, they are associated with a signiﬁcant risk of
moderate hypoglycemia, reported in 20%-40%, and severe
hypoglycemia—requiring third-party assistance—in 1%-7%
of patients, depending on the population, the deﬁnition of
hypoglycemia, and the type and pharmacokinetics of the
sulfonylurea.27 Furthermore, there are concerns about the
CV safety of sulfonylureas. In 1970 the University Group
Diabetes Program (UGDP) trial reported an increased risk of
CV death associated with the use of tolbutamide compared
with placebo or insulin.28,29 Because the Kir6.2 adenosine
triphosphateesensitive potassium channel is also expressed
in smooth muscle cells and cardiomyocytes, several authors
have postulated that the increased CV mortality reported by
UGDP could be the result of an impaired vasodilatory
response during acute myocardial ischemia. The
Table 1
Properties and cardiovascular effects of noninsulin glucose-lowering drugs for the treatment of type 2 diabetes
Drug Class CV Effects Clinical Use in Patients with CVD
Biguanides  Few randomized, but many observational studies available
 Reduces risk of MI by 39%, diabetes-related endpoint by
32%, diabetes-related death by 42%, mortality by 36%
(UKPDS)
 Safety concerns on the association with sulfonylureas
 First choice in T2DM patients with and without atherosclerotic
vascular disease
 Precautions should be taken in patients with ACS, HF, CKD
(stages IV and V)
 Not indicated in the presence of acidosis or dehydration
Sulfonylureas  Several observational studies available
 Reduction of microvascular complications (UKPDS)
 Increased CV mortality (UGDP trial)
 Impairment of ischemic preconditioning (?)
 Combination therapy in T2DM patients with and without CVD
(if HbA1c target not achieved after w3 mo of monotherapy with
metformin)
 Precautions should be taken in patients with multiple comorbid-
ities, ACS, HF, and advanced CKD (stages IV and V)
Thiazolidinediones  Reduce risk of MI and stroke (PROActive and IRIS trials
with pioglitazone)
 Improve diabetic dyslipidemia
 Increase HF hospitalization
 Combination therapy in T2DM patients with and without CVD
and/or CKD (up to stage V, eGFR <15 mL/min/1.73 m2)
 Precautions should be taken in patients with ACS
 Contraindicated in patients with or at risk of HF
Glucagon-like
peptide-1 receptor
agonists
 Signiﬁcant reduction of composite CV endpoints in LEADER
and SUSTAIN-6 trials
 No signiﬁcant effects on CV mortality, nonfatal MI, and
hospitalization for HF with liraglutide and semaglutide
 Reduced risk of nonfatal stroke with semaglutide
 Combination therapy in T2DM patients with and without CVD
(including HF and ACS)
 Limited data in patients with advanced CKD (stages IV and V)
 Exenatide is eliminated by renal mechanisms and should not be
given in patients with severe ESRD
 Liraglutide is not eliminated by renal or hepatic mechanisms, but
it should be used with caution since there are only limited data in
patients with renal or hepatic impairment
Dipeptidyl peptidase-4
inhibitors
 Well tolerated
 No reduction of CV endpoints (SAVOR-TIMI 53,
EXAMINE, TECOS)
 Increased risk of HF with saxagliptin and alogliptin (?)
 Combination therapy in T2DM patients with and without CVD
 Although sitagliptin seems to be safe, the use of alogliptin and
saxagliptin in patients with pre-existing HF is still debated
 Indicated in patients with CKD (any stage)
Sodium glucose
cotransporter
2 inhibitors
 In the EMPA-REG OUTCOME trial, empagliﬂozin reduced
CV death, HF hospitalization, and total mortality by 38%,
35%, and 32%, respectively
 No direct effect on the rates of MI or stroke with
empagliﬂozin
 Reduction of systolic and diastolic BP
 Combination therapy in T2DM patients with and without CVD
(paucity of data on SGLT2 in primary prevention)
 Evidence of beneﬁt in patients with HF
 No evidence of beneﬁt in ACS
ACS ¼ acute coronary syndrome; BP ¼ blood pressure; CKD ¼ chronic kidney disease; CVD ¼ cardiovascular disease; eGFR ¼ estimated glomerular
ﬁltration rate; EMPA-REG OUTCOME ¼ Empagliﬂozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus PatientseRemoving Excess
Glucose; ESRD ¼ end-stage renal disease; EXAMINE ¼ Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Care; HF ¼ heart
failure; IRIS ¼ Insulin Resistance Intervention After Stroke; LEADER ¼ Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome
Results; MACE ¼ major adverse cardiovascular events; MI ¼ myocardial infarction; PROActive ¼ Prospective Pioglitazone Clinical Trial in Macrovascular
Events; SAVOR-TIMI 53 ¼ Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes MellituseThrombolysis in Myocardial
Infarction; SGLT2 ¼ sodium glucose cotransporter 2; SUSTAIN-6 ¼ Trial to Evaluate Cardiovascular and Other Long-term Outcomes with Semaglutide in
Subjects with Type 2 Diabetes; T2DM ¼ type 2 diabetes mellitus; TECOS ¼ Trial Evaluating Cardiovascular Outcomes with Sitagliptin; UGDP ¼ University
Group Diabetes Program; UKPDS ¼ UK Prospective Diabetes Study.
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sulfonylurea glimepiride was found to impair ischemic
preconditioning in T2DM patients with coronary artery
disease, as compared with insulin.30 However, in contrast to
glimepiride, tolbutamide has only a low afﬁnity for cardiac
sulfonylurea receptors, and interference with ischemic pre-
conditioning seems unlikely to account for the excess
mortality reported by the UGDP.28 Moreover, subsequent
studies failed to establish a deﬁnite link between sulfonyl-
urea treatment before acute MI and in-hospital mortality.
After the UGDP concerns, several randomized trials with
sulfonylureas have been performed. The A Diabetes
Outcome Prevention Trial (ADOPT), which compared
metformin, rosiglitazone, and glyburide therapy with respect
to glycemic control, did not report any difference among the
4 treatment groups as far as CV outcomes were concerned.31
However, these ﬁndings should be interpreted with caution
because the trial was not designed to test the CV safety of
glyburide. In the UKPDS; Action in Diabetes and Vascular
Disease: Preterax and Diamicron MR Controlled Evaluation
(ADVANCE); and Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trials, in which sulfonylureas were
highly represented in the intensive glucose-lowering arms,
no increased CV risk was reported by the in-
vestigators.13,14,32,33 In contrast, a number of observational
studies support the notion that sulfonylureas may increase
CV risk, especially when compared with metformin ther-
apy.34,35 The ongoing Cardiovascular Outcome Trial of
Linagliptin Versus Glimepiride in Type 2 Diabetes (CAR-
OLINA) trial, which compares linagliptin with glimepiride
in T2DM patients, might help to clarify and deﬁne the CV
safety of these drugs.36
Thiazolidinediones
The glucose-lowering effect of thiazolidinediones is
due to their ability to activate the peroxisome pro-
liferatoreactivated receptor (PPAR)-g, thus fostering insu-
lin sensitivity in skeletal muscle, liver, and adipose tissue.37
Thiazolidinediones include troglitazone, pioglitazone, and
rosiglitazone. Troglitazone was withdrawn because of hep-
atotoxicity, whereas safety concerns about rosiglitazone and
pioglitazone were raised owing to increased CV risk
(MI and heart failure [HF]) and risk of bladder cancer and
bone fractures, respectively.37,38 As glucose-lowering
agents, thiazolidinediones are well tolerated and are not
associated with any risk of hypoglycemia.27 They have also
been shown to be associated with more durable glycemic
control when compared with sulfonylureas and metformin.16
An important undesirable effect of this class of drugs is ﬂuid
retention due to renal sodium reabsorption, reported in
4%-6% of patients receiving thiazolidinediones.37
A number of observational studies that have compared
rosiglitazone with other oral antidiabetic medications have
shown an increased risk of mortality and HF.39,40 A
nationwide retrospective cohort study including 227,571
Medicare beneﬁciaries aged 65 years or older showed that,
when compared with prescription of pioglitazone, pre-
scription of rosiglitazone was associated with an increased
risk of stroke, HF, and all-cause mortality.40 The meta-
analysis by Nissen and Wolski41 showed that rosiglita-
zone was associated with a signiﬁcant increase in the risk
of MI and with an increase in the risk of CV death, with
borderline signiﬁcance. Several other meta-analyses
conﬁrmed adverse CV effects associated with rosiglita-
zone.42,43 This evidence led to the withdrawal of rosigli-
tazone in Europe and restricted its use in the United States.
On the basis of such safety concerns, the Rosiglitazone
Evaluated for Cardiac Outcomes and Regulation of Gly-
caemia in Diabetes (RECORD) trial was speciﬁcally
designed to test the CV safety of rosiglitazone as compared
with placebo. The study conﬁrmed an increased risk of HF
(HR 2.10; 95% CI, 1.35-3.27), whereas data on MI risk
remained not conclusive (HR 1.14; 95% CI, 0.80-1.63).44
After the publication of the RECORD trial, the US Food
and Drug Administration lifted some of the restrictions,
stating that rosiglitazone was not associated with increased
MI risk.32
In contrast to rosiglitazone, the CV effects of pioglita-
zone seem to be more promising. The Prospective Piogli-
tazone Clinical Trial In Macrovascular Events (PROactive)
study which was designed to investigate whether piogli-
tazone reduces macrovascular morbidity and mortality in
5238 high-risk T2DM patients followed for 34.5 months,
showed that the drug was not effective in reducing the
composite primary endpoint of all-cause mortality, nonfatal
MI, stroke, and limb amputation (HR 0.90; 95% CI, 0.80-
1.02; P ¼ .095), whereas it signiﬁcantly reduced the sec-
ondary endpoint of all-cause mortality, nonfatal MI, and
stroke (0.84; 95% CI, 0.72-0.98; P ¼ .027).45 However,
pioglitazone signiﬁcantly increased hospitalization for HF
(6% vs 4%) but not HF-related mortality. Very recently the
Insulin Resistance Intervention After Stroke (IRIS) trial,
conducted in patients without diabetes who had insulin
resistance along with a recent history of ischemic stroke or
TIA, showed that the risk of stroke or MI was lower among
patients who received pioglitazone than among those who
received placebo (Table 2).46 However, pioglitazone did
not reduce mortality. The beneﬁcial effects of pioglitazone
were mostly driven by nonglycemic effects, given the
negligible difference in HbA1c levels between pioglitazone
and placebo. In this trial pioglitazone was also associated
with a lower risk of diabetes but with higher risks of weight
gain, edema, and fracture.46 Taken together, evidence so
far available discourages the use of thiazolidinediones
(especially rosiglitazone) as ﬁrst-choice glucose-lowering
drugs for the management of T2DM patients. More
recently, dual PPAR-ag agonists have been tested in ran-
domized clinical trials; however, these drugs failed to show
a favorable CV proﬁle, as reported in the Effect of Ale-
glitazar on Cardiovascular Outcomes After Acute Coro-
nary Syndrome in Patients With Type 2 Diabetes Mellitus
(AleCardio) trial.50
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Table 2
Recent randomized, controlled trials with noninsulin glucose-lowering drugs showing improvement of cardiovascular outcomes
Variable IRIS46 LEADER47 SUSTAIN-648 EMPA-REG OUTCOME49
No. of patients 3876 9340 3297 7020
Population Patients with recent history of
ischemic stroke or TIA, with
insulin resistance but without
T2DM
T2DM patients with CVD
or high CV risk
T2DM patients with CVD
or high CV risk
T2DM patients with CVD
Intervention Pioglitazone vs placebo Liraglutide vs placebo Semaglutide vs placebo Empagliﬂozin vs placebo
Median follow-up (y) 4.8 3.8 2.1 3.1
Mean age (y) 63 64 64 63
Mean HbA1c (%) 5.8 8.7 8.7 8.1
Mean BMI (kg/m2) 29.9 32.5 32.8 30.5
CKD (%) NR 25 70 26
Prior HF (%) 0 14 21-24 10
Deﬁnition of primary outcome Fatal or nonfatal stroke or MI CV death, nonfatal MI, or nonfatal stroke CV death, nonfatal MI, or nonfatal stroke CV death, nonfatal MI, or nonfatal stroke
HR for primary outcome (95% CI) 0.76 (0.62-0.93), P ¼ .007 0.87 (0.78-0.97), P < .001 for
noninferiority; P ¼ .01 for superiority
0.74 (0.58-0.95), P < .001 for noninferiority;
P ¼ .02 for superiority
0.86 (0.74-0.99), P ¼ .04 for superiority
Hospitalization for HF, HR (95% CI)
unless otherwise noted
3.8% vs 3.7%, P ¼ .80 0.87 (0.73-1.05), P ¼ .14 1.11 (0.77-1.61), P ¼ .57 0.65 (0.50-0.85), P ¼ .002
CV mortality, HR (95% CI) NA 0.78 (0.66-0.93), P ¼ .007 0.98 (0.65-1.48), P ¼ .92 0.62 (0.49-0.77), P < .001
All-cause mortality, HR (95% CI) 0.93 (0.73-1.17), P ¼ .52 0.85 (0.74-0.97), P ¼ .02 1.05 (0.74-1.50), P ¼ .79 0.68 (0.57-0.82), P < .001
Comments Although pioglitazone signiﬁcantly
reduced the rate of stroke and MI,
no between-group differences in
all-cause mortality were observed.
Pioglitazone was also associated
with a greater frequency of weight
gain, edema, and bone fractures
requiring surgery or
hospitalization.
Survival curves for 3-point MACE
started to separate after 12-18 mo from
randomization, whereas no effects
were seen for HF-related outcomes.
These ﬁndings suggest that liraglutide
may reduce CV events mostly via an
antiatherosclerotic mechanism.
Decreased CV risk with semaglutide was
mostly driven by a signiﬁcant (39%)
reduction in the rate of nonfatal stroke and
a nonsigniﬁcant (26%) decrease in
nonfatal MI, with no signiﬁcant difference
in the rate of CV death. The beneﬁcial
effect of semaglutide on CV outcomes
may relate to modiﬁcation of the
progression of atherosclerosis.
Beneﬁts of empagliﬂozin were seen
already after 3 mo. This suggests that
hemodynamic factors (ie, BP
reduction, osmotic diuresis) may be
signiﬁcantly involved. However,
utilization of b-hydroxybutyrate
instead of fatty acids might also
contribute to improve myocardial
efﬁciency thus preventing HF. The
exact mechanisms underlying
empagliﬂozin-related beneﬁts remain
to be elucidated.
Adverse events As compared with placebo,
pioglitazone was associated with a
greater frequency of weight gain
(52.2% vs 33.7%, P < .001),
edema (35.6% vs 24.9%, P <
.001), and bone fracture requiring
surgery or hospitalization (5.1% vs
3.2%, P ¼ .003).
Risk of any adverse event was increased
with liraglutide as compared with
placebo (9.5% vs 7.3%, P < .001).
The most common adverse events
were gastrointestinal symptoms and
events (nausea, abdominal pain,
vomiting, diarrhea, acute gallstone
disease, acute cholecystitis) and
injection-site reaction.
Rates of retinopathy complications (vitreous
hemorrhage, blindness, or conditions
requiring treatment with an intravitreal
agent or photocoagulation) were
signiﬁcantly higher with semaglutide as
compared with placebo (HR 1.76; 95% CI,
1.11-2.78; P ¼ .02).
Among patients receiving empagliﬂozin,
there was an increased rate of genital
infections as compared with placebo
(6.5% vs 1.8%, P < .001). No increase
in other adverse events was reported.
BMI ¼ body mass index; BP ¼ blood pressure; CI ¼ conﬁdence interval; CKD ¼ chronic kidney disease; CVD ¼ cardiovascular disease; EMPA-REG OUTCOME ¼ Empagliﬂozin Cardiovascular Outcome
Event Trial in Type 2 Diabetes Mellitus PatientseRemoving Excess Glucose; HbA1c ¼ glycated hemoglobin; HF ¼ heart failure; HR ¼ hazard ratio; IRIS ¼ Insulin Resistance Intervention After Stroke;
LEADER ¼ Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results; MACE ¼ major adverse cardiovascular events; MI ¼ myocardial infarction; NA ¼ not applicable;
NR ¼ not reported; SUSTAIN-6 ¼ Trial to Evaluate Cardiovascular and Other Long-term Outcomes with Semaglutide in Subjects with Type 2 Diabetes; T2DM ¼ type 2 diabetes mellitus; TIA ¼ transient
ischemic attack.
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Dipeptidyl Peptidase-4 Inhibitors
Dipeptidyl peptidase-4 (DPP-4) inhibitors block the
degradation of glucagon-like peptide-1 (GLP-1), gastric
inhibitory peptide, and a variety of other peptides, including
brain natriuretic peptide.51 Therefore, these drugs raise
GLP-1/gastric inhibitory peptide levels, thus leading to in-
sulin secretion from b-cells and decreased secretion of
glucagon from pancreatic a-cells.32 Inhibitors of DPP-4 are
effective in reducing HbA1c, do not lead to hypoglycemia,
and are not associated with weight gain.16 Several meta-
analyses of retrospective studies have shown that DPP-4
inhibitors (individually and as a class) are associated with
reductions in CV events.52 However, the studies examined
were not speciﬁcally designed to appraise the effect of DPP-
4 inhibitors on CVD.32 Three randomized trials—Sax-
agliptin Assessment of Vascular Outcomes Recorded in
Patients with Diabetes MellituseThrombolysis in Myocar-
dial Infarction (SAVOR-TIMI 53); Examination of Car-
diovascular Outcomes with Alogliptin versus Standard of
Care (EXAMINE); and Trial Evaluating Cardiovascular
Outcomes with Sitagliptin (TECOS)—were conducted over
the last few years to systematically investigate the CV safety
and efﬁcacy of DPP-4 inhibitors in patients with T2DM
(Table 3).53e56 In the SAVOR-TIMI 53 trial, which ran-
domized 16,492 high-risk T2DM patients to receive sax-
agliptin or placebo, more patients in the saxagliptin group
than in the placebo group were hospitalized for HF (3.5%
vs. 2.8%; HR 1.27; 95% CI, 1.07-1.51; P ¼ .007).53
However, these ﬁndings were not paralleled by a concom-
itant increase in HF-related deaths in patients taking sax-
agliptin (44 and 40 cases in saxagliptin and placebo,
respectively). Subjects at greatest risk of HF hospitalization
had previous HF, an estimated glomerular ﬁltration rate 60
mL/min/1.73 m2, or elevated baseline levels of N-terminal
pro B-type natriuretic peptide. By contrast in the EXAMINE
trial, which randomized 5380 T2DM patients with an acute
coronary syndrome to receive alogliptin or placebo, the
incidence of HF was comparable among the treatment arms
(3.1% and 2.9%, respectively).54 However, post hoc ana-
lyses showed that alogliptin increased HF incidence in pa-
tients who had signs of HF at the time of randomization (HR
1.76; 95% CI, 1.07-2.90).57 Hence, data from SAVOR-
TIMI 53 and EXAMINE conﬁrmed that DPP-4 inhibitors
may increase HF hospitalization in patients with pre-
existing HF and high brain natriuretic peptide (BNP)
levels at baseline (Table 3). A recent meta-analysis
including SAVOR-TIMI 53 and EXAMINE trials has
conﬁrmed a 25% increase in HF hospitalizations related to
DPP-4 inhibitors.58 In contrast, the TECOS trial, which was
launched to assess noninferiority as well as long-term CV
safety of adding sitagliptin to usual care in 14,671 patients
with T2DM and CVD, showed similar outcome rates for HF
hospitalization in the 2 groups (HR 1.00; 95% CI, 0.83-
1.20; P ¼ .98).55 Sitagliptin did not increase HF hospitali-
zation even after adjustment for pre-existing HF, as shown
by McGuire et al in a very recent TECOS substudy.59 These
encouraging data suggest that increased HF risk is not a
class effect of DPP-4 inhibitors. Further evidence is needed
to draw solid conclusions on the safety of saxagliptin and
alogliptin in people with T2DM and CVD. The ongoing
Cardiovascular Outcome Trial of Linagliptin Versus Gli-
mepiride in Type 2 Diabetes (CAROLINA) trial has been
designed to examine the effect of linagliptin on CV out-
comes with an active comparator (glimepiride) rather than
placebo.
GLP-1 Receptor Agonists
Glucagon-like peptide-1 receptor agonists (GLP-1 RAs)
have the ability to mimic endogenous GLP-1, resulting in a
glucose-dependent increase in insulin secretion and an in-
hibition of glucagon secretion.60 Glucagon-like peptide-1
RAs are generally well tolerated; the most common adverse
effect is nausea, which is usually transient (4-8 weeks).16
The risk of hypoglycemia in patients receiving GLP-1
RAs is low, unless they are combined with insulin or sul-
fonylureas.27,61 Moreover, the reduction of HbA1c levels
with these drugs is long-lasting, and this is mostly due to a
durable effect on the pancreatic b-cell to enhance insulin
secretion.62
The receptor for GLP-1 is abundantly expressed in the
vascular endothelium, smooth muscle cells, and car-
diomyocytes, suggesting that these drugs may act on the
entire CV system.63 A series of experimental studies in
animal models has shown that GLP-1 RAs may improve
insulin sensitivity, left ventricular (LV) remodeling, and
cardiac contractility in models of chronic HF and MI.64 In
human subjects, GLP-1 RAs have shown a consistent and
favorable impact on several CV risk factors, such as body
weight, blood pressure, endothelial function, and low-
density lipoprotein cholesterol.65 In several small studies
conducted in patients with HF (with and without diabetes),
chronic infusion of GLP-1 signiﬁcantly improved LV
ejection fraction (LVEF), VO2 max, 6-minute walk distance,
and Minnesota Living with Heart Failure quality-of-life
score. Importantly, GLP-1-related beneﬁts were seen in
both diabetic and nondiabetic patients, and no episodes of
hypoglycemia or gastrointestinal side effects were
observed.66 Infusion with GLP-1 also signiﬁcantly increased
LVEF and infarct-zone-related wall motion in patients with
MI.67 A placebo-controlled, randomized study showed that
infusion of exenatide—started before reperfusion in ST-
elevation myocardial infarction patients undergoing percu-
taneous coronary intervention—signiﬁcantly reduced
ischemia and myocardial salvage index (quantitated by
cardiac magnetic resonance imaging) after 3 months.68
Long-term randomized, controlled studies were recently
completed to examine whether GLP-1 RAs affect CV
outcome in high-risk individuals. The Evaluation of Lix-
isenatide in Acute Coronary Syndrome (ELIXA) trial
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Table 3
Design and Outcomes of SAVOR-TIMI 53, EXAMINE, and TECOS Trials
Variable SAVOR-TIMI 5353 EXAMINE54 TECOS55
No. of patients 16,492 5380 14,671
Population T2DM patients with CVD or high CV risk T2DM with an acute MI or UA requiring
hospitalization within the previous 15-90 d
T2DM patients with CVD or high CV risk
Intervention Saxagliptin vs placebo Alogliptin vs placebo Sitagliptin vs placebo
Mean age (y) 65 61 65
Diabetes duration (y) 10 7 11.6
Established CVD (%) 78 100 74
Mean HbA1c (%) 8  1.4 8  1.1 7.2  0.5
Mean BMI (kg/m2) 31 28.7 30.2
Prior HF (%) 12.8 28 18
Median follow-up (y) 2.1 1.5 3.0
Hypoglycemia
Intervention 15.3 6.7 2.0*
Placebo 13.4 6.5 1.7*
Deﬁnition of primary outcome CV death, nonfatal MI, nonfatal ischemic stroke CV death, nonfatal MI, nonfatal stroke CV death, nonfatal MI, nonfatal stroke, or UA
hospitalization
HR for primary outcome (95% CI) 1.00 (0.89-1.12) 0.96 (1.16) 0.98 (0.88-1.09)
Deﬁnition of secondary outcome CV death, MI, stroke, hospitalization for UA,
HF, or coronary revascularization
Primary outcome þ urgent revascularization due
to UA within 24 hours after hospital
admission
CV death, nonfatal MI, or nonfatal stroke
HR for secondary outcome (95% CI) 1.02 (0.94-1.11) 0.95 (1.14) 0.99 (0.84-1.11)
Hospitalization for HF, HR (95% CI) 1.27 (1.07-1.51) 1.19 (0.89-1.59) 1.00 (0.83-1.20)
CV mortality, HR (95% CI) 1.03 (0.87-1.22) 0.85 (0.66-1.10) 1.02 (0.90-1.15)
All-cause mortality, HR (95% CI) 1.11 (0.96-1.27) 0.88 (0.71-1.09) 1.01 (0.90-1.14)
Comments Subjects at greatest risk of HF hospitalization
had previous HF, an eGFR 60 mL/min/
1.73 m2, or elevated baseline levels of NT-
proBNP
Post hoc analyses showed that alogliptin
increased HF incidence in patients who had
signs of HF at the time of randomization
(HR 1.76; 95% CI, 1.07-2.90)
A recent post hoc analysis conﬁrmed that
sitagliptin does not increase HF
hospitalization even after adjustment for
pre-existing HF
Adverse events The rate of any hypoglycemic event (minor and
major) was signiﬁcantly increased with
saxagliptin as compared with placebo
(15.3% vs 13.4%, P < .001)
Incidences of hypoglycemia, cancer, pancreatitis,
and initiation of dialysis were similar with
alogliptin and placebo
There was no signiﬁcant difference between
sitagliptin and placebo with respect to the
overall incidence of infections, cancer, site-
reported renal failure, or severe
hypoglycemia
BMI ¼ body mass index; CI ¼ conﬁdence interval; CKD ¼ chronic kidney disease; CVD ¼ cardiovascular disease; eGFR ¼ estimated glomerular ﬁltration rate; EXAMINE ¼ Examination of Cardiovascular
Outcomes with Alogliptin versus Standard of Care; HbA1c ¼ glycated hemoglobin; HF ¼ heart failure; HR ¼ hazard ratio; MI ¼ myocardial infarction; NT-proBNP ¼ N-terminal pro B-type natriuretic peptide;
SAVOR-TIMI 53 ¼ Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes MellituseThrombolysis in Myocardial Infarction; T2DM ¼ type 2 diabetes mellitus; TECOS ¼ Trial
Evaluating Cardiovascular Outcomes with Sitagliptin; UA ¼ unstable angina.
* These values refer to severe hypoglycemia only.
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investigated the effects of lixisenatide versus placebo in
6068 diabetic patients with a recent acute coronary syn-
drome. The primary endpoint of CV death, MI, stroke, or
hospitalization for unstable angina occurred in 13.4% of
patients in the lixisenatide group and in 13.2% in the pla-
cebo group (HR 1.02; 95% CI, 0.89-1.17), thus showing
noninferiority of lixisenatide to placebo. However, the study
did not show superiority as far as CV outcome is con-
cerned.69 In the Liraglutide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome Results (LEADER)
trial, T2DM patients at high CV risk were randomly
assigned to receive liraglutide or placebo. After a median
follow-up of 3.8 years, liraglutide signiﬁcantly reduced the
occurrence of the 3-point major adverse CV events by 13%,
CV death by 22%, and all-cause mortality by 15%, without
signiﬁcant effects on nonfatal MI, nonfatal stroke, and
hospitalization for HF (Table 2).47 Cardiovascular beneﬁts
of liraglutide were observed quite early as compared with
classic glycemic control trials in patients with T1DM and
T2DM (ie, Diabetes Control and Complications Trial
[DCCT], UKPDS), in which the reduction of CV events
took many more years to emerge.6 Moreover, the beneﬁts of
liraglutide were seen despite the fact that CV risk factors
were signiﬁcantly controlled by guideline-based medical
treatment. In LEADER, cumulative event curves for 3-point
major adverse CV events started to separate after 12-18
months from randomization, whereas no effects were seen
for HF-related outcomes. These ﬁndings suggest that lir-
aglutide may reduce CV events mostly via an antiathero-
sclerotic mechanism.70 Along the same line, the very recent
Trial to Evaluate Cardiovascular and Other Long-term
Outcomes with Semaglutide in Subjects with Type 2 Dia-
betes (SUSTAIN-6) trial showed that semaglutide signiﬁ-
cantly reduced the primary composite endpoint of CV death,
nonfatal MI, or nonfatal stroke (HR 0.74; 95% CI, 0.58-
0.95; P < .001 for noninferiority).48 These beneﬁcial effects
were mostly driven by a signiﬁcant (39%) reduction in the
rate of nonfatal stroke and a nonsigniﬁcant (26%) decrease
in nonfatal MI, with no signiﬁcant difference in the rate of
CV death. Moreover, treatment with semaglutide increased
retinopathy complications (HR 1.76; 95% CI, 1.11-2.78;
P ¼ .02).48 Further studies are needed to demonstrate the
mechanism whereby GLP-1 RAs improve CV outcomes in
T2DM. A deﬁnitive answer concerning the CV impact of
GLP-1 RAs as well as putative class effects awaits the
completion of the trials Exenatide Study of Cardiovascular
Event Lowering (EXSCEL; exenatide) and Researching CV
Events with a Weekly Incretin in Diabetes (REWIND;
dulaglutide).
Sodium Glucose Cotransporter 2 Inhibitors
Sodium glucose cotransporter 2 (SGLT2) inhibitors are
the newest class of oral agents approved for the treatment of
T2DM. Their mechanism of action is inhibition of SGLT2, a
low-afﬁnity, high-capacity sodium-glucose cotransporter
located in the proximal tubule.71 Inhibition of SGLT2 leads
to the elimination of 60-80 g glucose per day; however, this
value is highly dependent on renal function and the hyper-
glycemic burden.72 The effect of SGLT2 inhibitors on
glucose elimination is proportional to glycemic levels, being
modest or even negligible in conditions of mild hypergly-
cemia. This “self-limiting” action explains the low risk of
hypoglycemia associated with this class of drugs, except
when used in combination with insulin or sulfonylureas.32
Sodium glucose cotransporter 2 inhibitoreinduced glycos-
uria promotes a mild diuresis and calorie loss, thus leading
to modest reductions in body weight.71 All SGLT2 in-
hibitors have also shown a signiﬁcant reduction in systolic
and diastolic blood pressure, with the greatest reductions
observed for systolic blood pressure.73 Emerging evidence
indicates that SGLT2 inhibitors have the ability to confer
cardioprotection in high-risk T2DM patients. The recent
Empagliﬂozin Cardiovascular Outcome Event Trial in Type
2 Diabetes Mellitus PatientseRemoving Excess Glucose
(EMPA-REG OUTCOME) trial was the ﬁrst study to show
unequivocal CV beneﬁts of an SGLT2 inhibitor (Table 2).49
The publication of this study has brought great enthusiasm
among cardiologists and diabetologists because—for de-
cades—no randomized clinical trials in diabetes have
demonstrated such a signiﬁcant impact on CV and total
mortality. In EMPA-REG OUTCOME, 7020 T2DM pa-
tients at high CV risk were randomized to receive 10 mg or
25 mg of empagliﬂozin or placebo once daily. After a me-
dian observation time of 3.1 years, empagliﬂozin (pooled
10 mg and 25 mg doses) signiﬁcantly reduced the primary
composite outcome of CV death, nonfatal MI, or nonfatal
stroke (HR 0.86; 95% CI, 0.74-0.99; P ¼ .04 for superiority;
Figure 1).49 Although empagliﬂozin did not show a direct
effect on the rates of MI or stroke, death from CV causes,
hospitalization for HF, and death from any cause were
reduced by 38%, 35%, and 32%, respectively. A subgroup
analysis of the EMPA-REG OUTCOME data conﬁrmed
that empagliﬂozin reduces HF hospitalization and CV death,
with a consistent beneﬁt in patients with and without
baseline HF.74 As compared with the recent LEADER trial,
in which the effects of liraglutide were seen after 12 months,
beneﬁts of empagliﬂozin emerged much earlier, suggesting
that hemodynamic factors may be signiﬁcantly involved
(Figure 1, Table 2).75 This hypothesis is supported by the
effects of empagliﬂozin on blood pressure and by the fact
that risk of MI and stroke was not affected, whereas major
differences were observed for HF. The reduction in blood
pressure cannot entirely explain the rapid CV effects of
empagliﬂozin because previous trials with blood pressuree
lowering drugs took much longer to show reductions in
CV outcomes.6 Undoubtedly, volume depletion plays a
major role in the reductions of HF hospitalizations, and this
was also demonstrated by a 4% increase in hematocrit.
Cardiac utilization of b-hydroxybutyrate in place of fatty
acids might also contribute to transduce oxygen consump-
tion into work efﬁciency at the mitochondrial level.76
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Although further studies are needed to explain the
improvement of CV outcomes with empagliﬂozin, the
beneﬁts of this drug on CV outcomes is indisputable, at least
as far as HF and CV mortality are concerned. A very recent
meta-analysis including 81 trials with a total of 37,195 pa-
tients and mean follow-up of 89 weeks showed that SGLT2
inhibitors were associated with a lower risk of all-cause
mortality (odds ratio [OR] 0.72; 95% CI, 0.59-0.86;
P < .001), CV mortality (OR 0.67; 95% CI, 0.53-0.84;
P ¼ .001), and HF (OR 0.67; 95% CI, 0.51-0.87; P ¼ .003),
but a similar risk of MI (OR 0.89; 95% CI, 0.74-1.09;
P¼ .29) and stroke/transient ischemic attack (OR 1.09; 95%
CI, 0.87-1.37; P ¼ .47) as compared with placebo. The
reduction in all-cause mortality was noticed with empagli-
ﬂozin but not with other SGLT2 inhibitors.77 A potential
harm was observed with dapagliﬂozin on CV mortality
(OR 2.15; 95% CI, 0.92-5.04; P ¼ .08).77
Conclusions
The management of CVD in patients with T2DM is a
fast-growing ﬁeld. Over the last few years several trials
have proven CVD safety of different antidiabetic drugs,
whereas other studies—namely EMPA-REG OUTCOME,
LEADER, SUSTAIN-6, and IRIS—have shown a beneﬁt of
empagliﬂozin, liraglutide, semaglutide, and pioglitazone on
CV outcomes. Although these data are very promising, there
remain important aspects that require clariﬁcation. These
include (1) the exact mechanisms by which these drugs may
have yielded rapid CV beneﬁts as compared with other
classes of antidiabetic drugs; (2) which patients may beneﬁt
more from these drugs (ie, patients with HF, kidney disease,
etc); and (3) whether these drugs are equally effective in
T2DM patients without CVD (primary prevention).
Ongoing and future studies will help to clarify these
important issues.
Figure 1. Cumulative incidence of the primary outcome and cardiovascular death in the Empagliﬂozin Cardiovascular Outcome Event Trial in Type 2 Diabetes
Mellitus PatientseRemoving Excess Glucose (EMPA-REG OUTCOME)49 (A) and Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular
Outcome Results (LEADER)47 (B) trials. Treatment with empagliﬂozin in EMPA-REG OUTCOME led to an early and unusual divarication of the curves
already after 3-6 months, whereas in LEADER survival curves for 3-point major adverse cardiovascular events and cardiovascular death started to separate
later, after 12-18 months from randomization. Reproduced from Zinman B, et al. Empagliﬂozin, cardiovascular outcomes, and mortality in type 2 diabetes. N
Engl J Med. 2015;373:2117-2128. Copyright  2015 Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society; and
from Marso SP, et al. Liraglutide and cardiovascular outcomes in type 2 diabetes. N Engl J Med. 2016;375:311-322. Copyright  2016 Massachusetts Medical
Society. Reprinted with permission from Massachusetts Medical Society.
Clinical research study/Cardioprotection for the T2DM Patient S25
1. Beckman JA, Paneni F, Cosentino F, Creager MA. Diabetes and
vascular disease: pathophysiology, clinical consequences, and medical
therapy: part II. Eur Heart J 2013;34:2444e2452.
2. Authors/Task Force Members; Ryden L, Grant PJ, Anker SD, et al.
ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases
developed in collaboration with the EASD: the Task Force on diabetes,
pre-diabetes, and cardiovascular diseases of the European Society of
Cardiology (ESC) and developed in collaboration with the European
Association for the Study of Diabetes (EASD). Eur Heart J 2013;34:
3035e3087.
3. Malmberg K, Yusuf S, Gerstein HC, et al. Impact of diabetes on long-
term prognosis in patients with unstable angina and non-Q-wave
myocardial infarction: results of the OASIS (Organization to Assess
Strategies for Ischemic Syndromes) Registry. Circulation 2000;102:
1014e1019.
4. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M. Mortality
from coronary heart disease in subjects with type 2 diabetes and in
nondiabetic subjects with and without prior myocardial infarction.
N Engl J Med 1998;339:229e234.
5. YahagiK,Kolodgie FD,LutterC, et al. Pathologyof human coronary and
carotid artery atherosclerosis and vascular calciﬁcation in diabetes mel-
litus. Arterioscler Thromb Vasc Biol 2017;37(2):191e204.
6. Avogaro A, Fadini GP, Sesti G, Bonora E, Del Prato S. Continued
efforts to translate diabetes cardiovascular outcome trials into clinical
practice. Cardiovasc Diabetol 2016;15:111.
7. Low Wang CC, Hess CN, Hiatt WR, Goldﬁne AB. Clinical update:
cardiovascular disease in diabetes mellitus: atherosclerotic cardiovas-
cular disease and heart failure in type 2 diabetes mellitus - mechanisms,
management, and clinical considerations. Circulation 2016;133:
2459e2502.
8. Mellbin LG, Anselmino M, Ryden L. Diabetes, prediabetes and cardio-
vascular risk.Eur J Cardiovasc Prev Rehabil 2010;17(suppl 1):S9eS14.
9. Paneni F, Beckman JA, Creager MA, Cosentino F. Diabetes and
vascular disease: pathophysiology, clinical consequences, and medical
therapy: part I. Eur Heart J 2013;34:2436e2443.
10. Khaw KT, Wareham N, Bingham S, Luben R, Welch A, Day N. As-
sociation of hemoglobin A1c with cardiovascular disease and mortality
in adults: the European prospective investigation into cancer in Nor-
folk. Ann Intern Med 2004;141:413e420.
11. The Diabetes Control and Complications Trial Research Group. The
relationship of glycemic exposure (HbA1c) to the risk of development
and progression of retinopathy in the diabetes control and complica-
tions trial. Diabetes 1995;44:968e983.
12. Derr R, Garrett E, Stacy GA, Saudek CD. Is HbA(1c) affected by
glycemic instability? Diabetes Care 2003;26:2728e2733.
13. Action to Control Cardiovascular Risk in Diabetes Study Group; Ger-
stein HC, Miller ME, Byington RP, et al. Effects of intensive glucose
lowering in type 2 diabetes. N Engl J Med 2008;358:2545e2559.
14. ADVANCE Collaborative Group; Patel A, MacMahon S, Chalmers J,
et al. Intensive blood glucose control and vascular outcomes in patients
with type 2 diabetes. N Engl J Med 2008;358:2560e2572.
15. Duckworth W, Abraira C, Moritz T, et al. Glucose control and vascular
complications in veterans with type 2 diabetes. N Engl J Med
2009;360:129e139.
16. Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyper-
glycaemia in type 2 diabetes, 2015: a patient-centred approach. Update
to a position statement of the American Diabetes Association and the
European Association for the Study of Diabetes. Diabetologia 2015;58:
429e442.
17. Effect of intensive blood-glucose control with metformin on compli-
cations in overweight patients with type 2 diabetes (UKPDS 34). UK
Prospective Diabetes Study (UKPDS) Group. Lancet 1998;352:
854e865.
18. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year
follow-up of intensive glucose control in type 2 diabetes. N Engl J
Med 2008;359:1577e1589.
19. Holman RR, Sourij H, Califf RM. Cardiovascular outcome trials of
glucose-lowering drugs or strategies in type 2 diabetes. Lancet
2014;383:2008e2017.
20. Kooy A, de Jager J, Lehert P, et al. Long-term effects of metformin on
metabolism and microvascular and macrovascular disease in patients
with type 2 diabetes mellitus. Arch Intern Med 2009;169:616e625.
21. Johnson JA, Majumdar SR, Simpson SH, Toth EL. Decreased mor-
tality associated with the use of metformin compared with sulfonylurea
monotherapy in type 2 diabetes. Diabetes Care 2002;25:2244e2248.
22. Tzoulaki I, Molokhia M, Curcin V, et al. Risk of cardiovascular disease
and all cause mortality among patients with type 2 diabetes prescribed
oral antidiabetes drugs: retrospective cohort study using UK general
practice research database. BMJ 2009;339:b4731.
23. Roumie CL, Hung AM, Greevy RA, et al. Comparative effectiveness of
sulfonylurea andmetforminmonotherapyon cardiovascular events in type
2 diabetes mellitus: a cohort study. Ann Intern Med 2012;157:601e610.
24. Wheeler S, Moore K, Forsberg CW, et al. Mortality among veterans
with type 2 diabetes initiating metformin, sulfonylurea or rosiglitazone
monotherapy. Diabetologia 2013;56:1934e1943.
25. Boussageon R, Supper I, Bejan-Angoulvant T, et al. Reappraisal of
metformin efﬁcacy in the treatment of type 2 diabetes: a meta-analysis
of randomised controlled trials. PLoS Med 2012;9:e1001204.
26. Lamanna C, Monami M, Marchionni N, Mannucci E. Effect of met-
formin on cardiovascular events and mortality: a meta-analysis of
randomized clinical trials. Diabetes Obes Metab 2011;13:221e228.
27. Tahrani AA, Barnett AH, Bailey CJ. Pharmacology and therapeutic
implications of current drugs for type 2 diabetes mellitus. Nat Rev
Endocrinol 2016;12:566e592.
28. Rendell M. The role of sulphonylureas in the management of type
2 diabetes mellitus. Drugs 2004;64:1339e1358.
29. Meinert CL, KnatterudGL, Prout TE, Klimt CR. A study of the effects of
hypoglycemic agents on vascular complications in patients with adult-
onset diabetes. II. Mortality results. Diabetes 1970;19(suppl):789e830.
30. Scognamiglio R, Avogaro A, Vigili de Kreutzenberg S, et al. Effects of
treatment with sulfonylurea drugs or insulin on ischemia-induced
myocardial dysfunction in type 2 diabetes. Diabetes 2002;51:808e812.
31. Viberti G, Kahn SE, Greene DA, et al. A diabetes outcome progression
trial (ADOPT): an international multicenter study of the comparative
efﬁcacy of rosiglitazone, glyburide, and metformin in recently diag-
nosed type 2 diabetes. Diabetes Care 2002;25:1737e1743.
32. Ferrannini E, DeFronzo RA. Impact of glucose-lowering drugs on car-
diovascular disease in type 2 diabetes.Eur Heart J 2015;36:2288e2296.
33. Intensive blood-glucose control with sulphonylureas or insulin
compared with conventional treatment and risk of complications in
patients with type 2 diabetes (UKPDS 33). UK Prospective Diabetes
Study (UKPDS) Group. Lancet 1998;352:837e853.
34. Simpson SH, Majumdar SR, Tsuyuki RT, Eurich DT, Johnson JA.
Dose-response relation between sulfonylurea drugs and mortality in
type 2 diabetes mellitus: a population-based cohort study. CMAJ
2006;174:169e174.
35. Morgan CL, Poole CD, Evans M, Barnett AH, Jenkins-Jones S, Currie
CJ. What next after metformin? A retrospective evaluation of the
outcome of second-line, glucose-lowering therapies in people with type
2 diabetes. J Clin Endocrinol Metab 2012;97:4605e4612.
36. Marx N, Rosenstock J, Kahn SE, et al. Design and baseline charac-
teristics of the CARdiovascular Outcome Trial of LINAgliptin Versus
Glimepiride in Type 2 Diabetes (CAROLINA). Diab Vasc Dis Res
2015;12:164e174.
37. Yki-Jarvinen H. Thiazolidinediones. N Engl J Med 2004;351:
1106e1118.
38. LokeYK, Singh S, FurbergCD. Long-termuse of thiazolidinediones and
fractures in type 2 diabetes: a meta-analysis. CMAJ 2009;180:32e39.
39. Lipscombe LL, Gomes T, Levesque LE, Hux JE, Juurlink DN, Alter
DA. Thiazolidinediones and cardiovascular outcomes in older patients
with diabetes. JAMA 2007;298:2634e2643.
40. Graham DJ, Ouellet-Hellstrom R, MaCurdy TE, et al. Risk of acute
myocardial infarction, stroke, heart failure, and death in elderly
S26 The American Journal of Cardiology (www.ajconline.org)
Medicare patients treated with rosiglitazone or pioglitazone. JAMA
2010;304:411e418.
41. Nissen SE, Wolski K. Effect of rosiglitazone on the risk of myocardial
infarction and death from cardiovascular causes. N Engl J Med
2007;356:2457e2471.
42. Singh S, Loke YK, Furberg CD. Long-term risk of cardiovascular events
with rosiglitazone: a meta-analysis. JAMA 2007;298:1189e1195.
43. Cobitz A, Zambanini A, Sowell M, et al. A retrospective evaluation of
congestive heart failure and myocardial ischemia events in 14,237
patients with type 2 diabetes mellitus enrolled in 42 short-term, double-
blind, randomized clinical studies with rosiglitazone. Pharmacoepi-
demiol Drug Saf 2008;17:769e781.
44. Home PD, Pocock SJ, Beck-Nielsen H, et al. Rosiglitazone evaluated
for cardiovascular outcomes in oral agent combination therapy for type
2 diabetes (RECORD): a multicentre, randomised, open-label trial.
Lancet 2009;373:2125e2135.
45. Dormandy JA, Charbonnel B, Eckland DJ, et al. Secondary prevention
of macrovascular events in patients with type 2 diabetes in the PRO-
active Study (PROspective pioglitAzone Clinical Trial In macro-
Vascular Events): a randomised controlled trial. Lancet 2005;366:
1279e1289.
46. Kernan WN, Viscoli CM, Furie KL, et al. Pioglitazone after ischemic
stroke or transient ischemic attack.N Engl J Med 2016;374:1321e1331.
47. Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide and
cardiovascular outcomes in type 2 diabetes. N Engl J Med 2016;375:
311e322.
48. Marso SP, Bain SC, Consoli A, et al. Semaglutide and cardiovascular
outcomes in patients with type 2 iabetes. N Engl J Med 2016;375:
1834e1844.
49. Zinman B, Wanner C, Lachin JM, et al. Empagliﬂozin, cardiovascular
outcomes, and mortality in type 2 diabetes. N Engl J Med 2015;373:
2117e2128.
50. Lincoff AM, Tardif JC, Schwartz GG, et al. Effect of aleglitazar on
cardiovascular outcomes after acute coronary syndrome in patients
with type 2 diabetes mellitus: the AleCardio randomized clinical trial.
JAMA 2014;311:1515e1525.
51. Zhong J, Maiseyeu A, Davis SN, Rajagopalan S. DPP4 in car-
diometabolic disease: recent insights from the laboratory and clinical
trials of DPP4 inhibition. Circ Res 2015;116:1491e1504.
52. Scheen AJ. Cardiovascular effects of gliptins. Nat Rev Cardiol
2013;10:73e84.
53. Scirica BM, Bhatt DL, Braunwald E, et al. Saxagliptin and cardio-
vascular outcomes in patients with type 2 diabetes mellitus. N Engl J
Med 2013;369:1317e1326.
54. Zannad F, Cannon CP, Cushman WC, et al. Heart failure and mortality
outcomes in patients with type 2 diabetes taking alogliptin versus
placebo in EXAMINE: a multicentre, randomised, double-blind trial.
Lancet 2015;385:2067e2076.
55. Green JB, Bethel MA, Armstrong PW, et al. Effect of sitagliptin on
cardiovascular outcomes in type 2 diabetes. N Engl J Med 2015;373:
232e242.
56. Paneni F. DPP-4 inhibitors, heart failure and type 2 diabetes: all eyes
on safety. Cardiovasc Diagn Ther 2015;5:471e478.
57. Standl E, Schnell O. DPP-4 inhibitors and risk of heart failure
EXAMINEd. Lancet 2015;385:2022e2024.
58. Udell JA, Cavender MA, Bhatt DL, Chatterjee S, Farkouh ME, Scirica
BM. Glucose-lowering drugs or strategies and cardiovascular outcomes
in patients with or at risk for type 2 diabetes: a meta-analysis of rand-
omised controlled trials. Lancet Diabetes Endocrinol 2015;3:356e366.
59. McGuire DK, Van de Werf F, Armstrong PW, et al. Association be-
tween sitagliptin use and heart failure hospitalization and related out-
comes in type 2 diabetes mellitus: secondary analysis of a randomized
clinical trial. JAMA Cardiol 2016;1:126e135.
60. Gupta A, Jelinek HF, Al-Aubaidy H. Glucagon like peptide-1 and its
receptor agonists: their roles in management of type 2 diabetes mellitus.
Diabetes Metab Syndr 2016 [Epub ahead of print]. doi:10.1016/j.dsx.
2016.09.003.
61. Cimmaruta D, Maiorino MI, Scavone C, et al. Efﬁcacy and safety of
insulin-GLP-1 receptor agonists combination in type 2 diabetes mel-
litus: a systematic review. Expert Opin Drug Saf 2016;15:77e83.
62. Bunck MC, Corner A, Eliasson B, et al. Effects of exenatide on
measures of beta-cell function after 3 years in metformin-treated pa-
tients with type 2 diabetes. Diabetes Care 2011;34:2041e2047.
63. Ban K, Noyan-Ashraf MH, Hoefer J, Bolz SS, Drucker DJ, Husain M.
Cardioprotective and vasodilatory actions of glucagon-like peptide 1
receptor are mediated through both glucagon-like peptide 1 receptor-
dependent and -independent pathways. Circulation 2008;117:
2340e2350.
64. Drucker DJ. The cardiovascular biology of glucagon-like peptide-1.
Cell Metab 2016;24:15e30.
65. Chilton R, Wyatt J, Nandish S, Oliveros R, Lujan M. Cardiovascular
comorbidities of type 2 diabetes mellitus: deﬁning the potential
of glucagonlike peptide-1-based therapies. Am J Med 2011;124:
S35eS53.
66. Sokos GG, Nikolaidis LA, Mankad S, Elahi D, Shannon RP.
Glucagon-like peptide-1 infusion improves left ventricular ejection
fraction and functional status in patients with chronic heart failure.
J Card Fail 2006;12:694e699.
67. Nikolaidis LA, Mankad S, Sokos GG, et al. Effects of glucagon-like
peptide-1 in patients with acute myocardial infarction and left ven-
tricular dysfunction after successful reperfusion. Circulation 2004;109:
962e965.
68. Lonborg J, Vejlstrup N, Kelbaek H, et al. Exenatide reduces reperfu-
sion injury in patients with ST-segment elevation myocardial infarc-
tion. Eur Heart J 2012;33:1491e1499.
69. Pfeffer MA, Claggett B, Diaz R, et al. Lixisenatide in patients with type
2 diabetes and acute coronary syndrome. N Engl J Med 2015;373:
2247e2257.
70. Kosiborod M. Following the LEADER - why this and other recent
trials signal a major paradigm shift in the management of type 2 dia-
betes. J Diabetes Complications 2017;31(2):517e519.
71. Madaan T, Akhtar M, Najmi AK. Sodium glucose CoTransporter 2
(SGLT2) inhibitors: current status and future perspective. Eur J Pharm
Sci 2016;93:244e252.
72. Abdul-Ghani MA, Norton L, Defronzo RA. Role of sodium-glucose
cotransporter 2 (SGLT 2) inhibitors in the treatment of type 2 dia-
betes. Endocr Rev 2011;32:515e531.
73. Sanchez RA, Sanabria H, de Los Santos C, Ramirez AJ. Incretins and
selective renal sodium-glucose co-transporter 2 inhibitors in hyper-
tension and coronary heart disease. World J Diabetes 2015;6:
1186e1197.
74. Fitchett D, Zinman B, Wanner C, et al. Heart failure outcomes with
empagliﬂozin in patients with type 2 diabetes at high cardiovascular
risk: results of the EMPA-REG OUTCOME trial. Eur Heart J 2016;37:
1526e1534.
75. Scheen AJ. Effects of reducing blood pressure on cardiovascular out-
comes and mortality in patients with type 2 diabetes: focus on SGLT2
inhibitors and EMPA-REG OUTCOME. Diabetes Res Clin Pract
2016;121:204e214.
76. Ferrannini E, Mark M, Mayoux E. CV protection in the EMPA-REG
OUTCOME trial: a “thrifty substrate” hypothesis. Diabetes Care
2016;39:1108e1114.
77. Saad M, Mahmoud AN, Elgendy IY, et al. Cardiovascular outcomes
with sodium-glucose cotransporter-2 inhibitors in patients with type II
diabetes mellitus: a meta-analysis of placebo-controlled randomized
trials. Int J Cardiol 2017;228:352e358.
Clinical research study/Cardioprotection for the T2DM Patient S27
